The antigenic properties of the soluble and membrane-bound proteins of Mycoplasma organisms were studied by a variety of gel-diffusion techniques. The strains tested belonged to several distinct serological groups, showing no cross-reactions. One group consisted of the Mycoplasma Zaidlawii strains and the other of caprine and bovine strains, which were closely related to Mycoplasma mycoides var. mycoides. The avian strains tested were serologically heterogenous. After Mycoplasma membranes were solubilized by sodium dodecyl sulphate (SDS) the antigenic properties of their membrane proteins were analysed. In immunodiffusion tests they showed a serological specificity similar to the soluble cell proteins. This specificity was not found in lipids of M. laidlawii membranes extracted with chloroform + methanol. In gel diffusion tests the hydrophobic protein fraction isolated from M. laidlawii membranes by detergent action and (NHJ,S04 precipitation reacted with antiserum to whole organisms, was antigenic in rabbits and there produced an antiserum which reacted with it, but not with the soluble cell proteins or membrane material solubilized in SDS.
INTRODUCTION
Biochemical and cultural properties usually are insufficient for the identification and classification of organisms of the order Mycoplasmatales. Serological properties have therefore been widely used for these purposes (Edward et al. 1967) . Although a variety of serological reactions are successfully used for the identification of mycoplasmas, little is known about the cell components responsible for these reactions. Some progress has been made in the characterization of Mycoplasma antigens. Lipids, apparently located in the cell membrane, were found to be responsible for the cornplement-fixing ability of M. pneumoniae (Kenny & Grayston, 1965 ; Prescott, Sobeslavsky, Caldes & Chanock, 1966; Sobeslavsky, Prescott, James & Chanock, 1966; . The extracted lipids, when combined with protein became highly immunogenic, stimulating high values for complement-fixing and growth-inhibiting antibodies. In contrast, the serological activity of the lipid fraction of M. mycoides var. mycoides was limited. Complement-fixing activity and precipitin reactions could be attributed to the galactan produced and excreted by this organism . Like M. pneumoniae, M. fermentarts was also found to possess specific lipid antigens, while the lipid extracted from M. hominis and M. pulmonis cross-reacted and had little serological activity. The major antigens in the last three Mycoplasma species appear to be protein in nature (Deeb & Kenny, 1967; Kenny, 1967; Lemcke & Hollingdale, 1968) .
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Little has been done so far to characterize the serological properties of the Mycoplasma proteins. To the best of our knowledge all the work done so far has been concerned with the soluble cell proteins released by cell disruption. The insoluble cell proteins, mainly located in the cell membrane, have not so far been studied because of the difficulties involved in their solubilization, which is essential for their biophysical and serological characterization. Nevertheless, there is little doubt that membrane proteins, being surface antigens, play a crucial role in immunogenesis against Mycoplasma infections. Some indications that antigens present in the cell membrane combine at this site with antibody. to inhibit growth of mycoplasmas were recently published (Williams & Taylor-Robinson, 1967 ; Lemcke & Hollingdale, I 968).
The cell proteins, the synthesis of which is strictly dictated by the cell genome, might be expected to contribute the most specific cell antigens, and in fact the electrophoretic patterns of Mycoplasma cell proteins have been shown to be species-specific and highly reliable tools for the identification and classification of mycoplasmas (Razin & Rottem, 1967) . The serological characterication of mycoplasma proteins is likely to help in putting the classification of these organisms on a sounder basis. Immunization of rabbits. Young rabbits (1.5 to 2 kg.) received two 0.5 ml. intramuscular injections of the antigen+adjuvant mixture into the hind leg at I week's interval. After a week rest 0.5 ml. of a suspension disrupted ultrasonically for I min., without adjuvant, was injected in the same manner, followed by a second injection of the same material 3 days later. The rabbits were bled 7 to 10 days after the last injection and the serum was separated. Six weeks after bleeding the rabbits received two 0.5 ml. intramuscular booster injections of the cell suspension at an interval of 3 days. Rabbits were bled again on the 14th day after the last injection. The antisera collected were divided into 2 ml. portions and stored at -20". The list of antisera prepared is given in Table I . Preparation of antigens for analysis whole organism suspensions. Organisms grown in the PPLO-serum fraction supplemented medium were washed twice and resuspended in 0.25 M-NaCl to a concentration equiv. 20 mg. cell protein/ml. Soluble cell proteins. The soluble cell proteins of the Mycoplasma laidlawii strains were liberated from the organisms by osmotic lysis (Razin, 1963) . Washed packed organisms (about IOO mg. cell protein) were resuspended in 30 ml. of de-ionized water and incubated in a 37" bath for 30 min. Membranes and cell debris were sedimented at 35,OOog for 30 min. at IO", the supernatant fluid separated and again centrifuged as above. The concentration of protein in the supernatant fluid obtained was about 2 mg./ml. The protein concentration was increased to 10 mg./ml. by perevaporation. Being more resistant to osmotic lysis, the other mycoplasmas were disrupted by ultrasonic treatment to liberate the soluble proteins. Suspensions of organisms in 0.25 MNaCl were treated at oo in the disintegrator for 10 to 15 I-min. periods, with 2 min. intervals to avoid heating. The soluble cell fraction was separated and concentrated as described above.
Solubilized cell membranes. C e l l membranes obtained after osmotic lysis or ultrasonic disruption of the organisms were washed 4 to 5 times and resuspended in deionized water to a concentration of 20 mg. membrane proteinlml. The membrane suspension was mixed with an equal volume of I % (w/v) sodium dodecyl sulphate 48 M. ARGAMAN AND S. RAZIN (SDS) (Razin, Morowitz & Terry, 1965 Grabar, 1964) . Microscope slides (50 x 75 mm.) were covered with 5 ml. melted agar. Peripheral holes of 3 mm. diameter and a central hole of 5 mm. diameter were cut in the agar and were filled with 0.03 to 0.04 ml. of antiserum or antigen solution. Optimal precipitation lines were detected after 24 to 48 hr incubation at 37" in a damp chamber. The agar slides were washed for 48 hr in 0.9% (w/v) NaCl and then covered with filter paper and dried overnight at 37". The dried slides were immersed for 20min. Microelectrophoresis and microimmunoelectrophoresis according to Scheidegger (1965). For microelectrophoresis, agar-covered slides were connected by filter-paper bridges to the reservoirs containing veronal+ HC1 buffer (PH 8.2). The cell protein solutions to be analysed were introduced into the 3 mm. diameter holes cut in the agar across the centre of the slide. Current (5 V/cm.) was applied for 60 min. For immunoelectrophoresis two trenches, 2 mm. wide, were cut in parallel to the protein pattern at a 5 mm. distance from the sample hole. Antisera were introduced into the trenches and results were read after incubation at 37" for 48 hr in a damp chamber. Precipitation lines were detected either by direct illumination or after staining with nigrosin.
Transmigration. The method described by Calliford (1964) was used with a slight modification. Two parallel rows of 3 mm. holes were cut at I cm. distance in an agarcovered slide. The antigen solutions (0.03 to 0.04 ml.) were put in one row, and the antisera (0.03 to 0.04 ml.) in the other row. The agar-covered slides were connected to the buffer reservoirs as described for microimmunoelectrophoresis. The antisera row was on the anode side. An electric current (5 V/cm.) was applied for 60 min. Antigen antibody precipitates were formed in the interspace between the rows.
Immunoelectrophoresis on cellulose acetate strips was done according to Flechner & Olitzki (1966) using tris+EDTA+boric acid buffer (PH 8-9; Aronsson & Grhwall, 1957).
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Polyacrylamide-gel electrophoresis and immunoelectrophoresis. The gel system con- was stained to locate the protein bands. Another gel was cut along its long axis, and the two halves were laid on an agar-covered slide, on both sides of a trench filled with antiserum. The third gel was cut transversally into 5 mm. slices which were put sequentially between two trenches filled with antiserum. The slides were incubated at 37" for 48 to 72 hr and precipitation lines were detected in diffuse light or after staining with nigrosin.
RESULTS
Agglutination of whole Mycoplama organisms by antisera
The simple slide-agglutination technique separated the Mycoplasma strains into several distinct groups. One group included the Mycoplasma laidlawii strains and the other the bovine and caprine strains. The avian mycoplasmas were serologically heterogeneous; thus the M. gallisepticum strains and the avian strain J were not agglutinated by antiserum against strain R, and vice versa. The results obtained by the tube-agglutination technique confirmed those obtained by slide agglutination (Table 2) . 
Gel-di#i.aion precipitin reactions with soluble cell proteins
Transmigration. This technique permitted the rapid determination of the serological relationships of the soluble cell proteins of the various Mycoplasma strains (Fig. I) .
The results corresponded well with those obtained by agglutination of whole organisms. No cross-reactions were evident between the Mycoplasma laidlawii and the bovine, caprine or avian strains. On the other hand Fig. I shows common obtained by the rapid transmigration technique. Table 3 and Fig. 2 show the different serological groups and the close serological interrelationships of strains within the groups. In order to check the specificity of the precipitation lines, all antigens used were tested against normal rabbit serum; no precipitation lines were formed with any of the antigens. Furthermore, all our antisera were tested for preciptation with the growth medium used to prepare the antigens for analysis, and the results were all negative.
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-- proteins were therefore tested in the range of 6-0 to 9.0, with several buffers. The best protein migration and separation was achieved in veronal + HC1 buffer (Grabar, 1964) at pH 8-3. At this pH value most of the proteins migrated towards the anode, except those of M. galrisepticum which migrated toward the cathode. Figure 3 shows the serological cross-reactions between the M. laidlawii strains by the microimmunoelectrophoresis technique. All antigens migrated towards the anode, while in M. mycoides var. cupri, analysed under the same conditions, some antigens migrated towards the cathode. The bovine, caprine and avian strains also revealed more precipitation lines than the M. laidlawii strains.
Zmmmoelectrophoresis on cellulose acetate strips. Electrophoresis of the soluble cell proteins of all the mycoplasmas excep, Mycoplasma laidlawii separated them into 6 to 8 fractions on the cellulose acetate strips. The soluble proteins of M. laidlawii did not separate well by this technique. Immunoprecipitation lines were formed under the cellulose acetate strips, but were fewer and weaker than those obtained by agar microimmunoelectrophoresis, and were shared by all protein fractions.
Polyacrylamide-gel immunoelectrophoresis. Electrophoresis of the soluble proteins separated them into several diffuse fractions. Sectioned gels transferred to agarcovered slides for diffusion against antisera, showed similar precipitation lines as were obtained by agar immunoelectrophoresis, i.e. the precipitation lines ran along most of the electrophoretic pattern (Fig. 4) .
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Antigenicity of the cell membrane Whole membranes. Solubilization of the membranes is a prerequisite for their immunological analysis by immunodiffusion techniques. The detergent sodium dodecyl sulphate (SDS) was found to be most efficient in solubilizing mycoplasma membranes (Razin et al. 1965) . However, in the concentration used for membrane solubilization SDS precipitated some of the rabbit serum proteins. The antisera tested were therefore pretreated with 1 % (w/v) SDS at 37" for 60 min. and the precipitate formed was removed by centrifugation. No further precipitate was formed on a longer incubation time, or by addition of more SDS to the treated sera. This treatment did not cause any detectable loss of antiserum potency (see also Jaquet, Bloom & Cebra, 1964) . Table 4 shows that the solubilized Mycoplasma membranes formed between I to 3 precipitation lines with the homologous antiserum to whole organisms, indicating that the mem-
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branes retained their antigenic group specificity as shown by whole cells (Table 2 ) , and soluble cell proteins (Table 3) . Reactions with SDS-treated normal rabbit serum, or with SDS alone, were always negative. Membranes of M. laidlawii solubilized in Fig. 4 . Polyacrylamidegel immunoelectrophoresis of soluble cell proteins of M y c o p l a s~ Zaidlawii strain OR. The trenches were filled with antiserum to M. ZaidZawii strain A. The gel to the left was sectioned after electrophoresis along its long axis into two halves, while the gel to the right was sectioned transversally. 
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SDS were also subjected to polyacrylamide gel electrophoresis; a few protein bands were resolved. Unstained gels, run simultaneously, were sliced and tested by immunodiffusion against whole-cell antiserum. Two or three precipitation lines appeared (Fig. 5) . Soluble cell proteins of several Mycoplasma strains were mixed with SDS at the same concentration used for membrane solubilization. In gel-diffusion tests the SDS-treated material exhibited similar precipitation lines as the untreated soluble proteins. figure) and against antiserum to hydrophobic protein (lower part of figure) . All preparations were dissolved in
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Butanol-extracted membranes. Li pid-free butanol-extracted membrane proteins solubilized in SDS were electrophorized in alkaline polyacrylamide gels. As with whole membranes, the immunodiffusion of the sectioned gels revealed several precipitation lines (Fig. 5 ) .
Hydrophobic membrane proteins. An antiserum produced in rabbits against the hydrophobic membrane protein of MycopZasma Zaidlawii was tested by transmigration against the hydrophobic protein fraction, whole membranes, and soluble cell protein solubilized in SDS . The same antigens were simultaneously tested against an antiserum to whole organisms. Figure 6 shows that the hydrophobic protein fraction reacted with both its homolo gous and whole-organism antiserum. However, membrane proteins and soluble cell proteins (not shown in Fig. 6 ) reacted only with the whole-organism antiserum.
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Membrane lipids. The staining method suggested by Uriel(1964) was used to detect protein and lipid components in the precipitation lines. The precipitation lines formed by soluble cell proteins, treated or untreated with SDS and tested against SDS-treated antisera, did not stain for lipid; a heavy precipitation line obtained with solubilized membranes did stain intensively. Membrane lipids extracted from Mycoplasrna laidZawii according to Folch, Lees & Sloane-Stanley ( I 957) were solubilized in tris + HCl + EDTA buffer (PH 7'7) containing 1% (w/v) SDS. The lipid solution tested by gel diffusion against the SDS treated antisera to the various mycoplasma groups reacted by forming Sudan Black-positive precipitation lines with several of the antisera and showed none of the M. Zaidlawii group antigenic specificity.
DISCUSSION
Most of the mycoplasma strains included in the present study fell into two distinct serological groups: one included the Mycoplasma Zaidlawii strains and the other the bovine and caprine strains. The avian mycoplasma studied were serologically heterogeneous. The close serological relationship between M. Zaidlawii strains A and B is well known. Although originally these strains were separated on serological grounds (Laidlaw & Elford, 1936) they were indistinguishable by the complement-fixation test (Lemcke, 1964) . Nevertheless, Clyde (1964) noticed that the growth of the two strains was suppressed by both their homologous and heterologous antisera, but that the inhibition zones produced by the heterologous antisera were only half as wide as those produced by the homologous antiserum. This finding has been confirmed by us (unpublished) . The electrophoretic patterns of membrane proteins of the two strains were similar, but not identical (Rottem & Razin, 1967) . Nucleic acid homology tests showed about 70% homology between the DNA of both strains (McGee, Rogul & Wittler, 1967) . All the evidence, with that of the present study, indicates that M. ZaidZawii A and B strains are closely related but not identical. The present serological data also substantiate the findings by the electrophoretic technique that the M. Zaidlawii strain OR, isolated from the human oral cavity, is related to or identical with M. laidZawii strain A (Rottem & Razin, 1967) .
The bovine and caprine mycoplasma strains included in our study, form a closely related group. The caprine strains resemble each other in their heavy growth and tendency to lyse and form sticky precipitates when the cultures age. When cell proteins of the caprine and bovine strains were subjected to polyacrylamide-gel electrophoresis very similar electrophoretic patterns were revealed (Razin, 1968) . Lemcke (1965) by using the gel precipitin technique showed that MycopZasma rnycoides var. rnycoides and M. rnycoides var. capri (pp. goat) have certain antigenic components in common. All these results speak in favour of regarding the caprine strains tested as varieties of Mycoplasrna rnycoides.
The few avian strains included in our study did not form a serological group. The Mycoplasma gallisepticurn A 5969 and s6 strains showed antigenic similarity. The electrophoretic patterns of their membrane proteins were almost identical (Rottem & Razin, 1967) . However, these strains had no antigenic components in common with the two other avian strains J and R, which were also clearly differentiated by the electrophoretic technique (Rottem & Razin, 1967; Razin, 1968) .
The present study provides some information on the electrophoretic properties of The solubilization of Mycoplasma cell membranes by sodium dodecyl sulphate (SDS) permitted the antigenic analysis of membrane proteins. SDS did not destroy the antigenic activity of at least part of the membrane proteins, as shown by immunodiffusion tests. Precipitin reactions done with solubilized membranes revealed the same serological group-specificity as shown by the soluble cell proteins, although fewer precipitation lines were produced. Staining with Sudan Black indicated that membrane lipids also took part in the precipitin reaction, either as such or in association with protein. Mycoplasma laidlawii membrane lipids extracted with chloroform + methanol formed a Sudan Black-stained precipitation line when tested against antiserum to M. Zaidlawii. However, a similar precipitation line was also formed with heterologous antisera, indicating that M. laidlawii lipids do not possess the antigenic specificity shown by membrane proteins. Kenny (1967) showed that lipids extracted from M. hominis, M . arthritidis and M . pulmonis cross-reacted in complement-fixation tests, while lipids of M. pneumoniae and M. fermentam were serologically species-specific. The possibility of protein denaturation by SDS should be considered. There is little doubt that at the concentration used for membrane solubilization, the SDS causes conformational changes at least in some membrane proteins (Shapiro, Vinuela & Maizel, I 967). Thus, the adenosine triphosphatase activity of Mycoplasma membranes was lost during solubilization by SDS (Rottem & Razin, 1966) . However, SDS did not affect the NADH oxidase activity of the solubilized membranes (Razin et al. 1965) indicating a different degree of sensitivity of different membrane proteins to the denaturating effects of SDS. An indication that SDS at the concentration used does not radically alter the antigenic properties of cell proteins is found in that SDS-treated soluble cell proteins of several mycoplasmas exhibited similar precipitation lines as untreated soluble proteins. Mommaerts (I 967) showed by measurements of circular dichroism that SDS, at a concentration similar to that used by us, did not significantly change the conformation of proteins of sarcotubular membranes. Treatment by SDS did not destroy the immunogenic activity of at least part of the mycoplasmal membrane proteins (the hydrophobic protein fraction). However, the antiserum to the protein fraction did not react with the soluble cell proteins, or with whole membranes solubilized with SDS. This might indicate a change in the antigenic properties of the hydrophobic membrane proteins during their isolation by SDS action. It may be concluded that in spite of possible artifacts arising from conformational changes in some membrane proteins, solubilization of Mycoplasma membranes by detergents may allow the further antigenic analysis of membrane proteins.
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